This study aimed to examine body sway characteristics and to propose effective body sway parameters for healthy elderly. The subjects were 311 healthy elderly and 380 healthy young adults. None of the subjects had evidence or known history of gait, posture, or skeletal disorders. The center of foot pressure measurement for 1 min was performed in 1 trial Using Anima's stabilometer G5500. The data sampling frequency was 20 Hz. Thirty parameters with high reliability were selected from 5 domains of distance, area, velocity, power spectrum, and body sway vector. In comparison with the results for young adults, the elderly had markedly larger values of mean path length and root mean square of x-axis, as well as for 5 velocity parameters and 4 vector velocity parameters. In addition, approximately 10% of the data for parameters related to body sway velocity, especially front/back body sway, even in the healthy elderly fell in an abnormal range of values (mean ± 3 SD). In conclusion, the following parameters may be useful to adequately and simply evaluate the body sway characteristics of the elderly: sway size, sway velocity, and from a directional viewpoint, sway size in the right/left direction and sway velocity in the front/back direction.
Introduction
Body sway during a static upright posture is controlled by the synkinesis of the limbs and body trunk, based on information from posture adjustment functions such as the visuosensory, vestibular, and proprioception organ systems [1] (Cernacek et al., 1973) . The important brain and nerve system function of holding stable posture is maintained until a relatively old age after sufficient development (Okada et al., 2001) . However, it is very difficult for the elderly to maintain an upright posture because of the marked decline in the above functions at an advanced age. Cummings et al. (2000) reported that the elderly have more co-operative disorders of the input and output systems used for posture maintenance. When examining the upright posture of elderly individuals, it is necessary to use effective parameters that can adequately evaluate their body sway characteristics.
The Japan Society for Equilibrium Research recommends area, locus length, displacement, power spectrum, position and velocity vectors, and amplitude probability density distribution as evaluation items of their body sway test. Perimeter area and total locus length are used to evaluate sway size, and unit time locus length is used to evaluate sway velocity. The area surrounding the mean path length (total locus length/perimeter area) is useful for evaluating the details of posture control. Right/left displacement is the right/left distance of the center of foot pressure (COP) and the body sway average center, and front/back displacement is the corresponding front/back distance. Right/left displacement can be used to evaluate labyrinthine deviation induced by unilateral labyrinthine dysfunction. Front/back displacement can be used to evaluate bilateral labyrinthine dysfunction, Parkinson's disease, and hypertonia of antigravity muscle or hypofunction by cerebellar dysfunction. A position vector is the vector from COP to a sampling point by the sum for all 8 directions. This vector can be used to evaluate the spread of body sway. These parameters are effective because unilateral labyrinthine dysfunction shows considerable unusual right/left body sway induced by labyrinthine deviation in the acute phase. A velocity vector is also divided in the 8 directions. These parameters can be used to evaluate the directivity of body sway and are effective because unilateral labyrinthine dysfunction shows large right/left body sway in the acute phase and front/back body sway in the chronic phase.
Watanabe et al. (2009) examined the relationship between the muscle mass of psoas major muscle and body sway using the total length parameter and the circumference area parameter for the elderly. Hirase et al. [2] also examined the relationship between leg strength and body sway using the same parameters for the elderly. In addition, Tanida et al. (2011) examined the change in balance function in exercise therapy in local elderly people using multilateral parameters such as total length, mean path length, front/back length, right/left length, circumference area, front/back maximum amplitude, and right/left maximum amplitude.
As described above, the parameters used to evaluate body sway in the elderly vary considerably, i.e., they have not been unified. Therefore, it is necessary to examine effective body sway parameters. This study aimed to examine body sway characteristics and to propose effective body sway parameters for healthy elderly.
Methods

Subjects
The subjects were 311 healthy elderly (age: 71.2 ± 6.27 years, height: 161.5 ± 6.57 cm, weight: 60.1 ± 8.29 kg) and 380 healthy young adults (age: 24.3 ± 2.02 years, height: 173.3 ± 5.55 cm, weight: 67.1 ± 7.01 kg). None of the subjects had evidence or known history of gait, posture, or skeletal disorders. Informed consent was obtained from all subjects. The experimental protocol was approved by the Ethics Committee on Human Experimentation of the Faculty of Human Science, Kanazawa University (No.2012-03).
Experimental Procedure
The measurement procedure followed the method prescribed in the standardization of the stabilometry test (Japan Society for Equilibrium Research, 1984) . The subjects maintained a static upright posture with closed feet (Romberg posture) for 1 min. During the testing, they were instructed to watch a circular target placed at the eye level and stood barefoot with their arms held comfortably and their eyes open. The measurements began after the subject's posture and eyes were stable. Measurements were performed in 1 trial.
Experimental Instrument
The measurement device used was Anima's stabilometer G5500. This device can calculate COP of vertical loads from the values of 3 vertical load sensors, which are located in the corners of an isosceles triangle on a level surface. The data sampling frequency was 20 Hz.
Parameters
Thirty parameters with high reliability were selected from the following 5 domains: distance represented sway size (4 parameters), area represented sway magnitude (3 parameters), velocity represented sway velocity (5 parameters), power spectrum represented sway frequency (5 position parameters and 5 velocity parameters), and vector represented sway direction (4 position parameters and 4 velocity parameters) [3] . In addition, this study did not correct parameters according to physique because Kitabayashi et al. [4] reported that the influence of physique on body sway parameters is small (r < 0.4); this conclusion was also confirmed in the present study.
Statistical Analysis
The t-test was used to examine the mean difference between the elderly and the young adults for COP parameters. The effect size (ES) was calculated to examine the size of the mean difference. An ES of ≤0.2 is generally interpreted as a small difference, and ≥0.8 as a large difference. Relationships among parameters were examined using Pearson's correlations coefficient. Their significant difference in both groups was tested. The statistical significance (α) level was set at p < 0.05. α was controlled on the basis of Bonferroni's method. Table 1 shows the test results for the mean differences between the young adults and the elderly and ES for COP parameters. Significant differences were found in 25 parameters and not in 5 others related to the power spectrum. The elderly had markedly larger values of mean path length and root mean square of the x-axis, as well as for 5 velocity parameters and 4 vector velocity parameters (ES = 0.71-1.00). Table 2 and Table 3 show correlations among the parameters in the young adults and the elderly, respectively, and the test results for the homogeneity of correlations. Most correlations were significant (gray). In both groups, strong correlations (r > 0.8) were found between the mean path length and parameters related to velocity and vector velocity, between the root mean square and area parameters, and between velocity, vector velocity parameters, and related parameters. Correlations between the parameters of distance and area and y direction parameters in the young adults were significantly greater than those in the elderly (* in Table 2 ). On the other hand, correlations between distance parameters and power spectrum parameters, between velocity parameters and power spectrum parameters, and between power spectrum parameters and vector velocity parameters in the elderly were significantly greater than those in the young adults (* in Table 3 ). Table 4 shows the frequency at which parameters fell outside the mean ± 1-3 SD range for the young adults. More than 10% of measurements for 29 parameters, excluding the power spectrum of r-axis, fell outside the mean ± 1 SD range, similar to approximately 50% of measurements of mean path length, velocity parameters, and vector velocity parameters. Many parameters (<10%) in the elderly fell within the mean ± 3 SD range for the young adults, but mean path length, 3 velocity parameters (y direction), and 3 vector velocity parameters (y direction) were ≥10% outside this range. 
Results
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Discussion
Demura et al. [5] and Kitabayashi et al. [3] compiled 114 parameters used so far in many studies and examined the trial-to-trial and day-to-day reliabilities, interrelationships among parameters, and gender differences of these parameters. They reported that the characteristics of COP sway can be synthetically understood using only 30 parameters. The body sway characteristics of the elderly were compared with those of the young adults using the above 30 parameters in the present study. The elderly showed large values for 25 parameters and not for 5 parameters. Considerable differences were observed in the mean path length regarding sway size, root mean square of x-axis for right/left sway size, velocity, and vector velocity parameters regarding sway velocity. Body sway in the elderly is thus considered to be larger and quick. According to Rogind et al. [6] and Brooke-Wavell et al. (2002) , the large decline in body sway in the elderly can be attributed to changes in the following factors: labyrinth and proprioception systems with age, leg strength needed to maintain posture, and adjustment ability of leg strength related to moving body weight. The abovestated parameters are related to sway size and velocity. These parameters in the elderly were remarkably larger than those in the young adults. Therefore, these are considered effective parameters reflecting body sway characteristics and the functional decline in posture maintenance in the elderly. In addition, on comparing correlations in the young adults and the elderly, we found that many parameters were similar in the two groups, but correlations of parameters related to velocity, power spectrum, and vector velocity were significantly greater in the elderly than in the young adults. When evaluating the body sway of healthy people, it is necessary to consider individual differences and to synthetically evaluate COP sway using plural parameters [7] (Demura et al., 2002) . The relationships between velocity parameters used to evaluate the details of body sway and the other parameters are stronger in the elderly than in the young adults. Therefore, the body sway characteristics of the elderly can be evaluated synthetically and simply using a small number of velocity parameters.
On the other hand, Nakagawa et al. [8] and Hattori et al. [9] demonstrated that individual differences in the body sway of the elderly can be large. Mizuta & Miyata [10] reported that it is necessary to consider the distribution characteristics of COP parameters when evaluating sway in the elderly. In short, when selecting effective parameters for evaluating body sway, it is necessary to consider individual differences.
Hence, we examined the distribution characteristics of the parameters among elderly participants on the basis of the values for the young adults. When the data followed a normal distribution, 99.74% of the data fell within a range of mean ± 3 SD. Thus, data outside this range may be judged as abnormal values [11] . Tokita et al. [7] examined sway characteristics in disabled persons with abnormal sway using the range of mean ± 2 SD or more as the basis. Moreover, in that study, the distribution for the elderly was based on the reference range for young adults. Therefore, approximately 80%-90% of values for the elderly were included within their mean ± 1 SD. However, for parameters related to body sway size and velocity, approximately half (40%-50%) fell outside the reference range. In addition, data for almost all parameters were within the range of mean ± 3 SD, but those for parameters related to body sway size and velocity, ≥10% of the data in the elderly were outside this range. The sway characteristics of the elderly were found to be particularly represented by parameters in the front/back direction even among velocity parameters. These reflect the body sway characteristics of the elderly who repeat delicate and quick sways. From the above findings, we conclude that the parameters noted above may be effective for evaluating body sway in the elderly.
Conclusion
In conclusion, the following parameters may be useful to evaluate body sway characteristics of the elderly adequately and simple: sway size, sway velocity, and from a viewpoint of a direction, sway size in the right/left direction and sway velocity in the front/back direction.
